To determine whether simple linear measurements can be used as an accurate and reproducible replacement of the volumetric ones.
INTRODUCTION
It has already been shown that computed tomography (CT) and magnetic resonance imaging (MRI) can be used to measure brain atrophy that is an important anatomical change in the course of several diseases [1] [2] [3] [4] , as well as in normal aging [5] [6] [7] . Simple linear measurements taken on axial CT slices were used from the advent of imaging technologies; however, different authors have used different exclusion criteria for sample material and for image analysis as well 8 . Some authors used axial CT images and linear measures to assess cerebral lateral ventricular asymmetry and its possible association with neuropsychiatric disorders 9 . Several investigators have also tried to assess the degree of correlation between some of linear ratios and volume of subcortical structures 10 . However, data regarding correlation between linear and volumetric parameters are still missing.
SUBJECTS, MATERIAL AND METHODS

Subjects and material
Quantitative analysis presented in this study has been performed on the image material obtained from a large PACS database of 1 st Radiology Clinic, University Hospital in Bratislava. A great amount of CT documentation of all the patients who underwent CT examination during the period from January 1 st 2005 by December 31 st 2006 was reviewed. A data set of 333 subjects (aged 18-96) with normal radiological findings was selected -a set which included both, subjects with and without psychiatric and neurological diagnoses and subjects with head injury in anamnesis as well. Based on consultation with neorologist, the selected subjects were divided according to diagnoses into three groups: Group 1) 223 subjects (133 women or subgroup F1 aged 19-91, and 90 men or subgroup M1 aged 18-92) without any diagnosis that could influence the size of cerebral ventricles or that of the brain; Group 2) 66 subjects (33 women or subgroup F2 aged 20-86, and 33 men or subgroup M2 aged 19-96) without any psychiatric diagnosis or serious neurological diagnosis but with head injury in anamnesis; Group 3) 44 subjects (20 women or subgroup F3 aged 21-82, and 24 men or subgroup M3 aged 26-85) with psychiatric or neurological diagnoses with possible influence on the size of cerebral ventricles or that of the brain. Exclusion criteria for group 1 were as follows: any kind of dementia, any kind of epilepsy, any degenerative nervous system disease, head injury in anamnesis, stroke in anamnesis. To make it simple we can also say that we have analysed a group of women (F, n = 186) and a group of men (M, n = 147), divided according to diagnoses into three subgroups each: F1, F2, F3 and M1, M2, M3, respectively.
Methods
Computed Tomography
All patients had transverse scanning of the brain performed on a multi-slice CT device (Siemens Somatom Sensation 16). The images covered the entire brain from the vertex to the foramen magnum; final slice thickness was 4 mm (the number of images per person ranged from 30 to 34). Images were obtained parallel to the orbitomeatal line (Fig. 1a) . Contrast enhancement was not used in any case. Images were saved on an optical disc, later being transferred to a TravelMate C302XMi Tablet PC Edition and then analysed quantitatively.
Image Analysis
Transverse CT images were transferred to a TravelMate C302XMi Tablet PC Edition and analysed quantitatively. Quantitative image analysis was performed blind to clinical information, by a skilled observer with a good knowledge of anatomy of the central nervous system. For quantitative image analysis Osiris Software, version 4.19 (University Hospital of Geneva, Switzerland) was used. To measure linear parameters (distances CM1 and CM2, i.e., the 1 st and the 2 nd distance measured at the level of cella media) Osiris Software functionality called Calliper, that allows distance measurements to be made between two points, was used. CM1 (cella media distance) provides the minimum linear distance between lateral walls of lateral ventricles in cella media region, while the CM2 distance was measured as the width of the brain along the same line as the CM1 distance was (Fig. 1b) . To get volume of lateral ventricles both, the Osiris Software functionality called Pencil, and the Tablet Edition computer's electronic pen were used, and this arrangement, giving much more precise results as when using mouse, was really helpful since lateral ventricles had to be outlined manually. The Osiris software calculated the volume of left and right ventricles by multiplying area of ventricle by slice thickness, on each slice ventricles were present. Calculated measures were plotted against age.
Statistical support
Association between the median of the minimum linear distance between lateral walls of lateral ventricles in cella media region (CM1 distance) and the decade of age was assessed by the Grouped linear regression analysis and Kendall's rank correlation coefficient, separately for each of the subgroups: F1, F2, F3, M1, M2, and M3. Correlation between CM1 distance and volume of lateral ventricles was statistically analysed using simple and multiple linear regression analyses separately for subgroups F1 and M1 as well as for female and male groups as a whole, F1-3 (F1 + F2 + F3) and M1-3 (M1 + M2 + M3), respectively. Pair-wise comparisons across subgroups F1 to F3 as well as M1 to M3 were performed using Tukey approach. Paired Student's t test was used to assess differences between gender subgroups. The threshold value for statistical significance was set at 0.05. 
RESULTS
The results of the CM1 measurement in the female subgroup 1 (F1) which was the most numerous subgroup in this study are summarized in Table 1 . The median of CM1 distance in this subgroup ranged from 21.5 mm in the 2 nd decade to 30.9 mm in the 8 th decade to decrease finally to the value of 25.2 mm in the 10 th decade of age where we had just two measurements. The median of CM1 distance in the male subgroup 1 (M1) ranged from 25.4 mm in the 3 rd decade to 35.3 mm in the 9 th decade of age and the results for this subgroup are summarized in Table 2 . In the female subgroup 2 (F2) the median of CM1 distance ranged from 26.75 mm in the 3 rd decade to 29.4 mm in the 9 th decade of age while in the male subgroup 2 (M2) it was from 23.8 mm in the 3 rd decade to 28.7 mm in the 9 th decade of age (see Fig. 2b ). In group 3 we have noticed an increase in CM1 distance as follows: in the female subgroup 3 (F3) the median ranged from the value of 27.75 mm in the 4 th decade to the value of 34.05 mm in the 9 th decade of age. In the male subgroup 3 (M3) the median of CM1 distance ranged from the value of 24.7 mm in the 3 rd decade to the value of 36.1 mm in the 9 th decade of age (see Fig. 2c ). The minimum linear distance between lateral walls of lateral ventricles in cella media region was found to increase with advancing age in each of the three female as well as male subgroups (Fig. 2a, 2b, 2c ). There were found very highly significant (subgroups M1, M3), and significant (subgroups F1, F2, F3, M2) associations between the median of the cella media distance and the decade of age (Table 3) .
Comparing male and female results it was found out that in each of the three groups differing in diagnosesgroup 1 (comprising F1 and M1), group 2 (comprising F2 and M2) and group 3 (comprising F3 and M3) -there was slightly higher increase in CM1 distance with age in men compared to that recorded in women (Fig. 2a, 2b,  2c) . However, statistical analysis performed separately for groups 1, 2 and 3 has revealed only non-significant differences in CM1 distance between men and women -in each of the three groups (Table 4) .
Pair-wise comparisons across the subgroups F1 to F3 as well as M1 to M3 have revealed only non-significant differences in CM1 distance between the predefined subgroups (Table 5 , see also Fig. 3a and 3b) .
In analyses made separately for both, the subgroup F1 (M1) and for the combined female (male) group as well, the minimum linear CM1 distance was correlated with the volume of lateral ventricles of the brain. As we can see from Table 6 , the correlation between CM1 distance and volume of lateral ventricles differed by sex, being greater in men. Values of the coefficients and their significance imply a high correlation between the CM1 distance and the volume of lateral ventricles in subgroup M1 (see also Fig. 4a ) as well as in M1-3 analysed as one group (see also Fig. 4b ). In the female subgroup F1 we can only see a low degree of correlation between CM1 and volume of lateral ventricles (see also Fig. 4c ), but this correlation was improved when F1-3 were analysed as a whole (see also Fig. 4d ). When distances CM1 and CM2 were taken together and their sum was analysed for correlation with volume of brain lateral ventricles, the gender differences were noticed again. The correlation in men was found to be at a reasonable level, while that in women was found to be low (when F1-3 were analysed as a whole), in subgroup F1 alone even very low (Table 6 ).
DISCUSSION
Changes in brain volume have been reported to be associated with changes in size of cerebrospinal fluid spaces and, up to now, many attempts have been made to asses the morphological changes of various brain structures and compartments in humans. Autopsy studies 11, 12 and recently also CT and MRI studies [13] [14] [15] [16] have shown that both the brain volume and its weight decrease with advancing age. Results obtained from autopsy studies have been reported to be subject to post mortem or fixation changes of biological material. The association between cerebral atrophy and increasing age has been documented in papers published e.g. by Matsumae et al. 17 and Resnick et al. 18 Studies based on CT and MRI examination also used ratios calculated from linear dimensions 19, 20 . However, the use of ratios in research based on imaging techniques may represent a serious problem resulting from the fact that the size of both structures is subject to error. This causes that final result has two sources of error 21 . That is why we focus on direct linear (or volumetric) parameters first of all. Within the scope of our research intention our aim was to identify pairs of parameters with the tightest correlation between the volume of lateral ventricles and brain or intracranial linear parameters, because volumetric measurements are time consuming to be used in daily practice. This study gives a detailed analysis of an association between the cella media distance (CM1) derived from CT imaging for a series of three on-diagnoses based groups of right-handed individuals between ages 18-96 years and the following parameters: decade of age, gender and volume of lateral ventricles. The cella media distance was found to increase significantly with age in all the studied subgroups (F1, F2, F3, M1, M2, and M3). As it could be seen from the graphs, a visual comparison of the increase in cella media distance between women and men within the individual groups 1, 2 and 3, the "male" lines have higher slopes than the "female" ones. The difference in CM1 distance between the gender subgroups was not significant in any of the three groups. However, the age-associated increase in the CM1 distance appears to be more pronounced in the male than in the female subjects. This finding should be kept in mind when comparing associations between brain volume, single brain compartments volumes or other brain linear measures and decades of age. For example Condon et al. 22 found a significant decrease in the normalized brain volume between the ages of 20 and 60 years in males by 1.6% per decade while in females of the same age the decrease was less (0.5%) and was not confirmed as statistically significant.
In addition, one more difference between the analysed gender groups (F and M) was found in our study: the correlation between cella media distance (CM1) and volume of lateral ventricles was found to be greater in men (M) in both the subgroup M1 (r = 0.659, P < 0.0001) and in the mixed group where all the three male subgroups differing in diagnoses (M1, M2 and M3) were combined and analysed as one group M1-3 (r = 0.675, P < 0.0001). On the other hand, in the female group (F), the correlation was lower, however, still significant (with r = 0.357, P < 0.0001 for F1, and r = 0.465, P < 0.0001 for F1-3). The last finding was that the correlation between CM1 and volume of lateral ventricles seems to be independent of the three predefined groups assigned in this study. Nevertheless, we should keep in mind that the subgroups M1 and F1 were more numerous than subgroups F2, F3, M2 and M3 -thus, the correlation coefficients might not be confirmed as significant in F3 and M2 due to low numbers of subjects involved. In the present study, the cella media distance was not significantly larger either in F2 (M2) or F3 (M3) than those in F1 (M1). However, the graphs indicate that the largest increase in CM1 distance could be anticipated in the subgroups F3 and M3.
